There were examined 77 people trained workers exposed in the workplace of metallic mercury vapors from 4-5 year intervals, who were divided into groups according to the time at the time of examination: I group -5-9 years, II group -10-15 years old, III group -15 years or more. All individuals were studied levels of ceruloplasmin level and gamma glutamyltransferase in the blood serum, atherogenic index, cholesterol levels in low density lipoproteins (LDL). Forecasting was performed using multiple linear regression straight stepwise procedure of adding features.
INTRODUCTION
Forecasting changes in the concentration of biochemical parameters when exposed to harmful production factors is one of the promising areas of biomedical simulation. The results of these studies on the basis of current analyzes allow to predict its value changes after a certain period of time predict the development of diseases in development of which this modification plays a pathogenic role. Cardiovascular disease (CVD) associated with atherosclerosis is the leading cause of adult mortality as an economically developed and developing countries. It should be noted that a change of biochemical indicators that are part of major cardiovascular risk factors, causes, including prolonged contact with toxic substances such as mercury, which has a wide range of toxic effects on the human body. One of the non-specific manifestations of prolonged exposure to this toxicant, differing among workers with no signs of mercury intoxication is the atherosclerotic events and hypertension [1] . In particular, it was found that a high mercury content in the hair associated with increased progression of atherosclerosis and CVD risk [2] . Shown mercury role in the development of atherosclerosis and conditions in vitro [3] . The potential role of the toxicant as CVD risk sets in cohort studies of risk factors for coronary heart disease [4, 5] , among dentists who have occupational exposure to mercury [6] , as well as among workers exposed mercury [7] . One possible mechanism of action of mercury on the activation of pro-atherogenic process is oxidative stress. It is shown that persons exposed in a production environment with mercury throughout the exposure period, there was a statistically significant increase in the level of ceruloplasmin (CP) and the pro-atherogenic cholesterol fractions in the dynamics of examination [8, 9, 10] . At the same time, it sets the fact that the middle-aged men with dyslipidemia, have higher levels of serum ceruloplasmin (but not extending beyond the reference value), which in turn increases the risk of cardiovascular disease compared to a control group [11] .
Thus, the presence information of ceruloplasmin concentration together with data on the state of lipid metabolism (total cholesterol and its fractions) with a projected increase in the level of ceruloplasmin and an actual increase in the content of cholesterol pro-atherogenic Information Technologies in Science, Management, Social Sphere and Medicine (ITSMSSM 2016) fractions indicates a high risk of developing atherosclerotic changes [12, 13, 14] . At the same time, the determination of ceruloplasmin does not apply to screening methods for the study, and therefore the holding of the predicted calculate its concentration allows, on the one hand to avoid additional on laboratory diagnosis costs and, on the other hand, to improve the diagnostic value of the results of the study in lipid metabolism and forecasting of the development of their violations.
The objective of this research is development a method that allows to forecast the concentration of ceruloplasmin in 4-5 years, working with its activities contact with mercury. The resulting indicator in conjunction with lipid metabolism can be used by public health agencies and research institutions for risk prediction of cardiovascular diseases in surveyed workers and will develop a program of preventive measures.
II. MATERIALS AND METHODS
There were examined 77 people trained workers exposed in the workplace of metallic mercury vapors from 4-5 year intervals, who were divided into groups according to the time at the time of examination: I group -5-9 years, II group -10-15 years old, III group -15 years or more. The criterion for exclusion from the survey group is exceeding the reference value of the level of gamma-glutamyl transferase by 3 times (up to 200 U/L). The diagnosis of cardiovascular disease (arterial hypertension and ischemic heart disease) formulated on the basis of the International Classification of Diseases (ICD X).
All individuals were studied levels of ceruloplasmin level and gamma glutamyltransferase in the blood serum at the time of research. Determination of ceruloplasmin was conducted at the biochemical photometer («Cormay multy», Poland) by method based on the specific interaction between the ceruloplasmin polyclonal antibody and appropriate antigen antiserum at the optimum pH (7.5) in the presence of polyethylene glycol ( «Sentinel», Italy). Gamma-glutamyl transferase was determined by the kinetic colorimetric method for Persijin & van der Slik, standardized with respect to the method recommended by the IFCC using a test kit ( «Human», Germany) at the biochemical photometer («Cormay multy», Poland). It is found that statistically significant differences in cohort studies of persons exposed mercury observed at the interval between inspections for at least 4-5 years.
Total cholesterol was determined in fresh serum samples (10 .mu.l) colorimetric enzymatic method using CHOLESTEROL liquicolor test (HUMAN, Germany). Triglycerides were determined by enzymatic colorimetric test using a set of TRIGLYCERIDES liquicolor mono (HUMAN, Germany). Identification of cholesterol very low density lipoproteins (LDL-C) was performed by calculation according to the formula Friedwald: LDL-C = triglycerids / 2,18. For reference interval accepted the concentration of LDL-C 0.18 -0.82 mmol/L. The quantitative determination of high density lipoprotein cholesterol (HDL-C) consists of two stages: the first stage -the removal from the reaction zone of chylomicrons, cholesterol very low density lipoprotein and low-density lipoprotein cholesterol by the action of enzymes (hollister esteraza, cholesterol oxidase, catalase, ascorbate); the second stage -definition of HDL-C widespread enzymatic method using a specific HDL-C surfactants (peroxidase, 4-aminophenazone). Measurement of the optical density was performed against the blank sample Reagent when 37S and 546 nm on a biochemical analyzer («Labio 2000», China). Calculation of concentration is performed based on the content of cholesterol in the calibrator. For the lower reference interval accepted the concentration of HDL-C 0.9 mmol/L. Identification of cholesterol low density lipoprotein (LDL) was carried out by calculation according to the formula Friedwald: LDL-C = TC -(VLDL-C + HDL-C). For reference interval accepted the concentration of LDL-C of 0.3 -3.80 mmol/L. Atherogenic index was calculated the ratio of the amount of cholesterol atherogenic fractions to not atherogenic. The reference interval accepted from 2 to 4. In the article used a quantitative description of the indicator of atherogenic fractions of cholesterol -LDL-C and atherogenic index. 
III. RESULTS AND DISCUSSION
The first clinical study of patients trained in contact with mercury hypertension in group I was registered at 18.75% of the patients, in the II group -21.0% and III -in 34.6% of employees. Examination of the dynamics revealed a statistically significant increase in the frequency of occurrence of hypertension in all groups (<0.05) ( Table 1) . Coronary heart disease in group 1 was not registered during the initial examination, and after 5 years, recorded 1 case of coronary heart disease; in Group II at the first examination was diagnosed in 5.2% of cases, and after 5 years showed a statistically significant increase of up to 10.5% (p = 0.03); in group III coronary heart disease was observed in 7.6% of cases, and when re-examining the incidence rate increased almost 2 times and amounted to 15.4% (p = 0.03) ( Table 1) .
Determination of serum ceruloplasmin content showed a statistically significant increase in its content with the increase in work experience in all three groups. In the first group, with experience of 5-9 years, the age workers in contact with the mercury, was 33.0 (29-41) years, ceruloplasmin content originally was 27.0 (24.2-29.0) mg/dL, when examining the dynamics -39.2 (34.0-43.2) mg/dL (p <0.05). 15.4* [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] *comparison of the incidence of cardiovascular diseases in groups, χ2 Pearson / Yates correction at 1 and 2 examination, the differences were statistically significant (p0,05).
In the second group experienced 10-15 years (mean age group for the first stage of the survey -38 (35-49) years ceruloplasmin level in serum was equal to 24.9 (21,0-29,0) mg/dl, and after 5 years of contact with mercury it had increased to 40.8 (34.7-48.3) mg/dl (p <0.05). In the third group with mercury experience more than 15 years, ceruloplasmin content increased from 25.7 (22.4-27. 3) mg/dL to 40.5 (38.5-52.2) mg/dl (p <0.05) ( Table 2 ).
The cholesterol content of LDL does not exceed the reference level in group 2 in both examination points, but in the first and third groups was a statistically significant increase in 5 years from the initial survey to 16.1% (-2.6, 42.2) and 13 3% (8.5; 40.8), respectively. Noteworthy is the fact statistically significant increase in atherogenic index values in the dynamics of examination in all groups, most pronounced in the group of 1 -44% (8.8; 66.7). At the same time, the highest values of this indicator reached in individuals with experience in hazardous conditions for more than 15 years.
The content of gamma-glutamyl transferase in groups does not exceed standard values, which excluded the presence of liver disease ( Table 2 ).
Using multiple linear regression straight stepwise procedure of adding features got an equation that expresses the relationship of the variable (predicted concentration of ceruloplasmin) with indicators, considered as predictors: the concentration of gamma-glutamyl transferase in serum at the time of examination, ceruloplasmin concentration in the serum at the time of examination, calculated length of service in terms of mercury exposure to the predicted time at the time of the prediction ceruloplasmin concentration. Forecasting the development of cardiovascular disease in workers exposed to mercury is carried out as follows. The patient has fasted blood sampling from the cubital vein using vacuum systems with a blood clotting activator (for serum). Conclusion: Considering that the atherogenic index at the time of examination is above the reference limits projected increase in the level of ceruloplasmin in 4 years will exacerbate developing disorders that requires treatment and preventive measures, aimed not only at correcting lipid metabolism, but also to the patronage of lipids by oxidative oxidation. The actual value of IA and LDL-C after 4 years amounted to 4.92 and 3.28, respectively.
With increasing content of ceruloplasmin and developing pro-atherogenic violations of the risk of cardiovascular disease increased. The development of oxidative stress plays an important role in the pathogenesis of cardiovascular diseases. As a result, the activation of vasoconstriction, increased platelet aggregation, adhesion of neutrophils to the endothelium, migration of granulocytes and monocytes. In recent years, new data were obtained on the significance of ceruloplasmin in the development of oxidative stress and its role in maintaining oxidative balance. This protein belongs to the copper-containing glycoprotein α2-globulin fraction of serum, synthesized primarily in the liver parenchymal cells as well as in lymphocytes, monocytes, spleen, brain and other tissues [15] . The CP performs a number of important body for vital body functions: control of copper metabolism necessary for normal metabolic processes in the hematopoietic and immune systems, brain, myocardium; superoxide dismutase synthesis -active endogenous antioxidant; carries ferroxidase action and immobilization of serum iron; antioxidant activity; participate in acute-phase response; regulation levels of biogenic amines in the body [16, 17] . CP is a natural regulator of oxidative, having proand antioxidase activity. Oxidative activity of this protein is related to the presence of copper in its composition. When removing the copper atoms of the molecule CP lost its oxidant properties. As prooxidant CP enhances oxidation of ascorbic acid, catecholamines, serotonin, and compounds containing sulfhydryl groups, such as cysteine and homocysteine. Role of CP proved in the oxidation of LDL, which is one of the most important processes in the development of atherogenesis [18] . In this connection, the results were obtained on the role of CP in the regulation of angiogenesis, atherosclerosis, coronary heart disease, congestive heart failure [19, 20] . Recent studies also support a role in the regulation of homeostasis CP nitric oxide [21] , which is a reduction of the pathogenetic links of both atherosclerosis and endothelial dysfunction.
Dynamic examination of trained workers in contact with the mercury, showed a clear increase in hypertension and coronary heart disease with increasing work experience. The incidence of hypertension and coronary heart disease increased by 1.5-2 times, exceeding the general population prevalence rates in these age groups [22] . Analysis of biochemical parameters at the time of examination allows stating that the atherogenic index increases with increasing exposure mercury load, LDL-C does not go beyond the boundaries of acceptable values, but close to the upper border of the reference (3.8 mmol/l). Considering the significant increase in the predicted concentration of ceruloplasmin in 4-5 years, should be expected an intensification of pro-atherogenic process, requiring preventive measures, aimed primarily at enhancing antioxidant protection.
Application of the method of mathematical forecasting of changes in the level of biochemical parameters, in particular, ceruloplasmin, which plays a pathogenic role in the development of CVD, allows, on the one hand, timely detect these changes, and, on the other hand, in a timely manner to carry out preventive and curative measures aimed at preserving the health of the working population.
IV. CONCLUSION
In workers exposed to mercury, the risk of developing cardiovascular disease increases against the backdrop of a significant increase in ceruloplasmin content and form of dyslipidemia. Consequently, for periodic medical examinations should be determined in the serum levels of ceruloplasmin and to forecast changes in its concentration. Based on forecasted build-up level of the protein in the serum of trained workers in contact with the mercury, it is necessary to apply a set of preventive and therapeutic measures aimed at activation of antioxidant protection, with subsequent transfer of a worker is exposure to toxic substances.
